Abstract Mesenchymal stromal cells (MSC) exert either tumor-stimulatory or tumor-inhibitory effect. The outcome of the tumor-MSC interaction is dictated by the tumorspecific activating signals. We analyzed the alterations in MSC phenotype in response to stimulation by tumorsecreted paracrine factors. Paracrine factors from human melanoma A375 and glioblastoma 8MGBA cells were used for prolonged culture of MSC to produce derived cells designated DIFF(A)-MSC or DIFF(G)-MSC, respectively. Derived cells were analyzed for the specific surface markers, the expression pattern of MSC markers and fibroblast-specific proteins. Changes in the cell phenotype were evaluated using scratch wound assay and tube formation in vitro; and xenotransplant growth in vivo. Our data show induced expression of vascular endothelial growth factor 2, CD146, fibroblast-specific protein, vimentin and endosialin in DIFF(A)-MSC cells. This indicates their differentiation towards the cells with features of tumor-associated fibroblasts upon stimulation with melanoma-secreted cytokines. Paracrine stimulation in DIFF(G)-MSC led to up-regulation of the genes involved in the MSC differentiation. MSC-specific surface marker characteristics were preserved in derived DIFF(A)-MSC and DIFF(G)-MSC cells. However, we observed increased proportion of CD146 and GD2 (neural ganglioside) positive cells and decreased expression of marker NG2 in the MSC exposed to tumor-conditioned medium. Melanoma-CM increased MSC migration, glioblastoma-CM compromised angiogenic capacity of MSC in vitro and the protumorigenic effect in vivo. Our data directly compare the pleiotropic effects mediated by the malignant cells on the MSC. Secreted paracrine factors from melanoma or glioblastoma differently changed molecular traits in MSC, which explains the dual role of MSC in tumor growth.
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Introduction
Stromal compartment of a solid tumor is composed of immune cells, cells contributing to tumor vasculature and cells of mesenchymal origin. They preexist in the tissue before the tumor development; however, they are also recruited to the tumor microenvironment by tumor cell-originating signals [1, 2] . These cells are considered to be important drivers of the tumor development. It has been recognized that bone-marrow derived progenitor cells and/or mesenchymal stromal cells (MSC) of various origin can home and engraft into the developing tumor [3, 4] . The MSC represent a heterogeneous population of precursor cells with considerable plasticity [5] . They can be found in situ within all mammalian stromal tissue compartments. Bone marrow, adipose-tissue and the umbilical cord remain most commonly used tissue sources of the MSC for therapeutic purposes in regenerative medicine. Based on the surface marker expression, MSC are defined as CD73+, CD90+, CD105+, CD11b−, CD14−, CD19−, CD45− and HLA-DR− cells. MSC retain their multipotency upon culture expansion and proliferate as adherent cells with typical fibroblast-like morphology [6] .
MSC and bone-marrow derived progenitor cells may acquire a phenotype of tumor-associated fibroblasts (TAF) [7, 8] . TAF (synonymously also termed cancer-associated fibroblasts, myofibroblasts or activated fibroblasts) represent cells with increased proliferation activity, enhanced secretion of extracellular-matrix proteins and specific expression of several markers: vimentin, α-SMA (α-smooth muscle actin), FSP1 (fibroblast specific protein 1), FAP (fibroblast-activation protein) and others. Several studies have demonstrated that MSC exposed to tumor-cell secreted factors expressed high levels of TAF markers [9, 10] . Activated fibroblasts and tumor-incorporated MSC communicate with tumor cells, resident epithelial cells, endothelial cells, pericytes and inflammatory cells through complex cytokine and chemokine network [11] . Accumulating experimental evidence suggested that paracrine factors secreted from the tumor cells shift MSC into activated state, thereby promoting further tumor development or tumor inhibition [12, 13] . The mechanisms responsible for the dual role of MSC in tumor development still remain a subject of investigation. Our experimental data suggested the role of VEGF-signaling and SDF-1α/CXCR4 axis in the MSC-mediated human melanoma tumor growth support [14] . MSC were also shown to become a part of the tumor microenvironment and serve as precursors for tumorassociated pericytes, endothelial cells, tumor-associated fibroblasts or even a cancer stem cell supporting cells in their niche [15] . Accumulating evidence for the antitumor effect of MSC was recently comprehensively reviewed and discussed [13, 3, 16] . Our experiments have also demonstrated the antitumor effect of MSC on human glioblastoma tumor growth [14] . Considerable variation among the studies and their experimental setup limits their direct comparison; however some common features of the tumor-inhibiting MSC type 1 and tumor-promoting MSC type 2 were suggested [13] .
In the present study we focused on the molecular changes induced in the MSC by tumor-secreted soluble factors. The MSC exposed to tumor-cell conditioned medium (TCM) from the human melanoma A375 were designated (DIFF(A)-MSC). Similarly, MSC exposed to glioblastoma 8MGBA-CM were designated (DIFF(G)-MSC). Tumor cell lines were selected based on their opposing response to MSC both in vitro and in vivo [14] . We identified a specific response pattern dictated by tumor paracrine factors in the MSC. Melanoma-secreted factors induced expression of markers specific for tumor-associated fibroblasts in derived DIFF(A)-MSC. On the contrary, glioblastomasecreted paracrine factors induced upregulation of differentiation markers in derived DIFF(G)-MSC. Taken together, we describe here that the TAF-like differentiation was present along with the tumor-promoting effect of MSC and a failure to drive TAF-like MSC differentiation was accompanied by the antitumor effect of MSC.
Material and Methods
Cells Human glioblastoma multiforme cell line 8MGBA (kindly provided by Dr. Perzelova, Faculty of Medicine, Comenius University, Bratislava) and human melanoma cell line A375 (ECACC No. 88113005) were cultured in Dulbecco's modified Eagle medium (PAA Laboratories, GmbH, Pasching, Austria) supplemented with 10 % fetal bovine serum (GIBCO® Invitrogen, Carlsbad, CA). Human adipose-tissue-derived mesenchymal stem cells were isolated by collagenase digestion as established previously [17] . MSC were cultured in low-glucose Dulbecco's modified Eagle medium (GIBCO® Invitrogen) supplemented with HyClone Advance Mesenchymal Stem Cell Growth Supplement (Thermo Scientific, Waltham, MA) and Antibiotic-Antimycotic mix (GIBCO® Invitrogen). HUVEC cells were purchased and maintained in Low Serum Growth Supplement (LSGS) diluted in Medium 200PRF as recommended by the supplier (GIBCO® Invitrogen). Cells were grown at 37°C in 5 % CO 2 humidified atmosphere.
Tumor conditioned medium (TCM) was collected from 80 to 90 % confluent A375 or 8MGBA cell cultures maintained for 24 h in MSC medium, centrifuged and supernatant was passed through 0.45 μm membrane filter. Fresh TCM was changed every third day for the entire 30-day MSC culture. MSC were passaged when cultures reached 85-90 % confluence every 5 to 7 days. The MSC exposed to A375-TCM were labeled DIFF(A)-MSC. The MSC exposed to 8MGBA-TCM were labeled DIFF(G)-MSC. Untreated MSC cultureexpanded in MSC medium were used as a control and were labeled PAR-MSC. Each experiment was repeated with three different MSC isolates. 4 ) were plated on 24-well plates and cultured in 2 ml of complete culture medium for 2 days. Cell-free supernatants were collected and subjected to human Bio-Plex TM 27-plex Cytokine Assay (Bio-Rad Laboratories Inc, Hercules, CA). Measurements were performed on Luminex 100 System (Luminex Corporation, Austin, TX) in duplicates. Results were expressed as mean pg/ml of culture medium ± SD.
Multiplex Cytokine Secretion Analysis
ELISA SDF-1α level in cell-free supernatants was determined by Quantikine Immunoassay (R&D Systems Inc., Minneapolis, MN) on xMark™ Microplate Spectrophotometer (BIO-RAD, Hercules, CA). TGFβ levels were detected by human TGFβ1 ELISA Ready-SET-Go 2nd generation (eBioscience Inc., San Diego, CA) and evaluated as above.
Analysis of the Gene Expression Total RNA was isolated using the RNeasy Mini Kit (Qiagen, Hilden, Germany) and DNase treated following the manufacturer's protocol. cDNA was obtained using RevertAid™ H Minus First Strand cDNA Synthesis Kit (Fermentas GmbH, St. Leon-Rot, Germany). Primers (see Table 1 for the primer sequences, amplicon size and annealing temperature) were designed using NCBI Primer blast. At least one primer of a primer set was designed to span exon-exon junction to limit the amplification to mRNA only (with the exception of intron-less endosialin). The PCR reaction mixture (25 μl) contained 1 μl of cDNA, 80 nM of forward and reverse primers and 12.5 μl of ABsolute™ QPCR SYBR® Green Mix (Thermo Scientific). Quantitative PCR was performed on CFX96™ Real-Time PCR Detection System (BIO-RAD) using the following protocol: activation step at 95°C for 15 /well) were seeded on 24-well plates, let to adhere and proliferate. Morphological features were compared 72 h later on the cultures with 55-60 % cell confluence as determined by IncuCyte ZOOM™ 2013A software (Essen BioScience) based on the MSC specific confluence mask.
Wound Healing Assay Thirty-five thousand MSC per well were plated in triplicates on ImageLock 96-well plates (Essen BioScience) and let to adhere for 16-24 h. Confluent monolayers were wounded with wound making tool (Essen BioScience), washed twice and supplemented with fresh TCM or culture medium. As indicated, the MSC culture medium was supplemented with 10 ng/ml IL-6, 50 ng/ml IL-8 and/or 10 ng/ml IP-10 (eBioscience, San Diego, CA). Images were taken every 2 h for the next 48 h in the IncuCyte ZOOM™ Kinetic Imaging System. Cell migration was evaluated by IncuCyte ZOOM™ 2013A software based on the relative wound density measurements and expressed as means of three independent experiments run in triplicates ± SD. Immunofluorescence Analysis Cells were plated on sterilized coverslips in 6-well plates and let to adhere for 24 h before fixation. Samples were fixed in ice-cold methanol for 10 min at −20°C, washed with PBS, blocked with 10 % goat serum or 5 % milk in TBS-T for 1 h and incubated with primary monoclonal mouse anti-human antibodies diluted in blocking buffer overnight at 4°C. Cells were immunostained for fibroblast specific protein (FSP, 1:100 in 10 % serum, Abcam, Cambridge, MA), vimentin (1:50 in 10 % serum) and α-smooth muscle actin (α-SMA, 1:50 in 5 % milk, both Santa Cruz Biotechnology, Santa Cruz, CA). Secondary polyclonal goat anti-mouse antibodies used were TexasRed (Santa Cruz) for α-SMA (diluted 1:400) and Cy5 (Millipore, Billerica, MA) for FSP and vimentin (diluted 1:200). Following further washes, the cells were embedded in Vecta Shield mounting medium with DAPI (Vector Laboratories, Burlingame, CA). Images were acquired using Zeiss LSM 510 Meta confocal microscope (Carl Zeiss Microscopy GmbH, Göttingen, Germany) and analysed with ImageJ software package using same settings for contrast and brightness adjustment for all images.
In Vitro Angiogenesis Assay ECMatrix TM gel solution (Millipore) was thawed on ice at 4°C overnight and diluted with 110 μl of Diluent Buffer. Fifty μl per well was dispensed in 96-well plates using ice-cooled tips and incubated for 1 h at 37°C. Two ×10 4 HUVEC cells, 1×10 4 PAR-MSC, DIFF(A)-MSC or DIFF(G)-MSC per well were applied onto matrix layer in 150 μl of low-glucose DMEM supplemented with 1× Low Serum Growth Supplement (GIBCO® Invitrogen) and 50 ng/ml human VEGF (Stem Cell Technologies, Vancouver, BC, Canada). Cells were incubated at 37°C in a 5 % CO 2 humidified atmosphere. HUVEC cells served as a positive control and angiogenesis progression was monitored using phase-contrast images taken every 3 h by the IncuCyte ZOOM™ Kinetic Imaging System. for the tumor growth. Tumor volume was calculated from caliper measurements of two perpendicular diameters and expressed as mean volume ± SD.
Statistical Analysis Data involving comparison between the two groups were analyzed by an unpaired Student's t-test in GraphPad Prism® software (LA Jolla, CA). The value of p<0.05 was considered statistically significant.
Results
Cytokine Production and Expression Profile of Tumor Cells
In our previous work we identified multiple effects of the MSC on tumor cell biology [18, 14, 2, 19] . However, the communication between the tumor cells and MSC is bidirectional. Thus, we decided to analyze the alterations induced in the MSC in response to tumor cell stimulation. Tumor cell lines were chosen based on their opposite response to the MSC stimulation in vitro and in vivo. We hypothesized that it was a consequence of tumor paracrine stimulation leading to the molecular changes in MSC. Both melanoma A375 and glioblastoma 8MGBA secrete multiple cytokines and chemokines into the conditioned medium (Fig. 1a) . We detected significantly higher concentration of IL-6, IL-8, eotaxin-3 (CCL26) and IP-10 (CXCL10) produced by melanoma cells, as determined by multiplex cytokine assay. Glioblastoma cells released higher concentrations of GM-CSF, MIP-1a and VEGF (Fig. 1a) . These tumor cell lines also express different subset of ligands and their cognate receptors as demonstrated by the reverse transcription-coupled PCR (Fig. 1b) . Melanoma A375 express high levels of SCF and VEGFR2 and lack the expression of cKIT, SDF1α and CXCR4. Glioblastoma 8MGBA cells express both the ligand and cognate receptor of the SCF/cKit and SDF1α/CXCR4 signaling axes.
MSC Specific Surface Markers and Their Expression Pattern in Response to TCM
In order to analyze the tumor-induced alterations, MSC were cultivated in the tumor-conditioned cell-free medium for 30 days. Melanoma A375-CM-exposed MSC were designated DIFF(A)-MSC and glioblastoma 8MGBA-CM-exposed MSC were labeled DIFF(G)-MSC. Untreated MSC from the same isolate (PAR-MSC) were cultured and passaged along with the TCM-exposed cells in order to compare the MSC at the same passage. Prolonged MSC culture in TCM did not significantly alter proliferation capacity or morphology in the MSC (Fig. 2a) . Population doubling time was determined to be 56-58 h for PAR-MSC, DIFF(A)-MSC and DIFF(G)-MSC. TCM-exposed MSC retained their bipolar fibroblastoid morphology in both types of the tumor-conditioned media. Expression analysis confirmed the persistence of MSC specific markers in the TCM-exposed cells with significantly increased expression of CD146 and the adhesion molecule VCAM1 (Fig. 2b) . Neither parental PAR-MSC, nor TCMexposed MSC expressed FZD9, CD271 or CD133. PAR-MSC and TCM-exposed MSC were positive for CD44, CD73, CD90, CD105, CD146 and CD166 surface markers (Table 2) . PAR-MSC, DIFF(A)-MSC and DIFF(G)-MSC were negative (<1 %) for CD14, CD20, CD34 (passages >3), CD45, CD19, CD31, CD144 (VE-cadherin), CD133, BCRP1 and HLA-DR (data not shown). Qualitative expression analysis unraveled that melanoma-TCM induced VEGFR2 expression in DIFF(A)-MSC (Fig. 2c) . Moreover, higher proportion of CD146 positive cells was detected in TCM-exposed cells (Fig. 2d and Table 2 ). Our data further demonstrated that 46.7 % of the parental MSC were positive for neural ganglioside GD2, recently suggested to be another MSC-characteristic surface marker [20] . TCM exposure decreased the proportion of the GD2+ positive cells to 23.0 % in DIFF(A)-MSC and 31.4 % in DIFF(G)-MSC. TCMexposed MSC did not retain the expression of proteoglycan NG2, a pericyte marker (Fig. 2d) . Taken together, our data demonstrate multiple alterations induced in the MSC upon exposure to the paracrine factors secreted from the tumor cells. In addition, based on the absence of CD31, VE-cadherin (CD144) and the loss of NG2, we excluded transdifferentiation into endothelial or pericytic cells induced by TCM.
Alterations in MSC Differentiation Markers and Cytokine Secretion Pattern in Response to TCM
The expression of several differentiation markers such as Runx2, PparG, RhoA, Jag1 and Smad4 was significantly higher in glioblastoma CM-exposed DIFF(G)-MSC (Fig. 3a) . The upregulation of these factors did not substantially alter the capability of the MSC to differentiate into adipogenic or osteogenic lineage upon specific stimulation (Fig. 3b) . However, the DIFF(G)-MSC exhibited decreased secretion of several cytokines including IL-6, IL-8 and G-CSF in comparison to the parental PAR-MSC (Fig. 3c) . DIFF(A)-MSC retained secretion of proinflammatory IL-6 and IL-8 and exhibited significantly higher levels of IL-9, IL-12, IFNγ and VEGF. TCM exposure increased MCP-1 and SDF1α secretion in both MSC types and did not alter TGFβ level secreted from the TCM-exposed MSC (Fig. 3c-d) . To conclude, melanoma TCM induced VCAM1 expression, upregulated VEGFR2, CD146 and supported a secretion of proinflammatory stimuli from the DIFF(A)-MSC. Glioblastoma-TCM exposed DIFF(G)-MSC increased the expression of several differentiation markers along with the decrease in secreted proinflammatory factors IL-6, IL-8, IL-12 and G-CSF. These results indicate that TCM-exposed MSC have altered multiple molecular traits in response to tumor paracrine factor stimulation.
Markers of the Tumor Associated Fibroblasts on TCM-exposed MSC Previously published data indicated the capability of TCM to induce a phenotype of tumor-associated fibroblasts (TAF) in the MSC [7, 8] . To confirm this, we analyzed the TCMexposed MSC for TAF markers using quantitative PCR and immunofluorescent microscopy. The DIFF(A)-MSC had significantly higher expression of FAP, vimentin (fibroblastspecific markers) and endosialin (tumor-vasculature specific marker, Fig. 4a) . The DIFF(G)-MSC also expressed increased levels of FAP in comparison to the PAR-MSC, but they downregulated endosialin and vimentin. Baseline expression of myofibroblast marker αSMA was decreased in the DIFF(A)-MSC. Immunofluorescence analysis confirmed the up-regulated expression of the FSP and vimentin in the DIFF(A)-MSC and no substantial increase in the α-SMA (Fig. 4b) . Taken together, the melanoma secreted factors upregulated markers of tumor-associated fibroblasts in the TCMexposed MSC such as FAP, FSP and vimentin. Next, we investigated functional alterations in the TCMexposed MSC. Conditioned medium from melanoma cells significantly increased the migration of the MSC as demonstrated in the wound healing assay in vitro (Fig. 4c) . Melanoma TCM contained significantly higher levels of IL-6, IL-8 and IP-10 that could have stimulated the MSC migration. To examine this possibility, we tested the MSC migration in the MSC culture medium supplemented with each of these molecules alone or in combination. We were able to show that the combination of IL-6, IL-8 and IP-10 was able to significantly increase MSC migration by 10 % (Fig. 4d-e) . Even when these cytokines was added to the A375-CM or 8MGBA-CM, Fig. 1 Differences in the secretome and the expression pattern of the tumor cells. a Cellfree melanoma A375 and glioblastoma 8MGBA cell conditioned media (CM) were collected after 48 h and subjected to multiplex analysis with BioPlex TM 27-plex Cytokine Assay. Significantly higher levels of IL-6, IL-8, eotaxin-3 and IP-10 were detected in the melanoma CM. Significantly lower concentrations of GM-CSF, MIP1a and VEGF were also detected, *p<0.05. b RNA was isolated from the tumor cells, reverse transcribed and PCR amplified to detect the gene expression. Glioblastoma 8MGBA cells express SDF1α, cKit and CXCR4 in contrast to melanoma A375 cells. HPRT1 was used as a loading control Fig. 2 The TCM increases VEGFR2 expression in DIFF(A)-MSC, and VCAM1 and CD146 expression in the TCM-exposed MSC. a MSC morphology was not affected in the TCM-exposed MSC. Phase contrast images were taken from cultures 72 h after plating by the Incucyte ™ livecell imaging system. Scale bar 300 μm. The angiogenic potential in the MSC was examined by the tube formation assay in vitro. The DIFF(A)-MSC exhibited high branching activity and formation of many polygonal structures on matrigel layer similar to the PAR-MSC. Contrastingly, tube formation capacity of the DIFF(G)-MSC was lower with absence of polygonal alignment (Fig. 5a ). Our analysis excluded any increase in the MSC senescence during the 30 day TCM exposure (data not shown), consistent with the preservation of the proliferation potential and morphology in the TCM-exposed MSC. Finally, the tumor growth support in vivo was examined in the TCM-exposed MSC. The Fig. 5b shows that the co-injection of 100,000 melanoma-CM exposed DIFF(A)-MSC with 500,000 melanoma A375 cells supported the tumor growth to the same extent as the parental PAR-MSC. The exposure to the melanoma conditioned medium did not significantly compromise tumor promoting activity of the MSC. Contrastingly, the glioblastoma-CM exposed DIFF(G)-MSC could not support the tumor growth to the same extent as the PAR-MSC, although there still was a significant support of the tumor growth. The same number of tumor cells A375 (10 5 ) injected alone did not produce tumors in 60 % of the animals and the median tumor volume of growing tumors is 50 mm 3 by day 30 compared to 320 mm 3 in DIFF(G)-coinjected group. In summary, we have demonstrated that the composition of the tumor secretome determines molecular and phenotypic features of the adjacent stromal cells. Our data extend the understanding of the tumor-stromal interaction and show that tumor cells dictated the molecular fate of MSC. Melanoma cells supported immunogenic profile along with the increased expression of the markers typical for TAF. This correlates with preserved angiogenic capacity in vitro and tumor growth support. On the contrary, glioblastoma-secreted factors induced up-regulation of differentiation markers, decreased expression of TAF markers along with decreased tube formation in vitro resulting in reduced protumorigenic effect of DIFF(G)-MSC.
Discussion
The MSC are actively recruited to the sites of tumor development and capable of engraftment within the tumor, forming 20 % of its stroma [4] . Tumor cells secrete growth factors and chemokines that both attract stromal precursors and promote MSC differentiation [12] . In our previous studies we have described multiple effects of naïve MSC on tumor cells. The MSC had stimulatory effect on tumor cell proliferation in human breast carcinoma cells MCF7, MDA-231 and T47D, colon cancer cells HT-29, melanoma A375 and M4Beu cells [14, 18, 17] . The inhibitory effect of the MSC on cell proliferation and tumor growth was observed in medullary thyroid carcinoma cells TT [21] , human breast carcinoma cells SKBR3 [19] and glioblastoma cells 8MGBA [14] . Importantly, the antiproliferative effect of MSC on SKBR3 cells was accompanied by the induction of EMT, increased migration and mammosphere formation, leading to potentially more tumorigenic and aggressive traits in tumor cells [19] . Based on these data, we hypothesized that the tumor cells dictated molecular changes in MSC. This resulted in their capability either to sustain or inhibit the tumor growth. Model melanoma and glioblastoma cell lines were chosen for our study based on The proportions of positive cells are expressed as median (minimum-maximum) their differential response to the MSC in vitro and in vivo. The MSC were maintained in the tumor-conditioned medium for 30 days prior to analysis with no changes in their differentiation potential, proliferation capacity, senescence susceptibility or substantial alteration in morphology. Differences in the composition of the tumor-secreted paracrine factors were demonstrated by the cytokine and expression analysis. TCM contained several paracrine factors (such as IL-7, IL-13, IL-15, bFGF and GM-CSF) that could not be detected in the secretome of the MSC. The levels of multiple cytokines and chemokines also significantly differed between the two tumor cell lines. We confirmed the capability of melanoma secreted factors to support the MSC migration. Migration of the adipose tissue-derived MSC is stimulated by many cytokines due to the high expression of chemokine and growth factor receptors on the surface of these MSC [22, 23] . We suppose that c To examine the migratory properties in a wound healing assay, the MSC were plated on the ImageLock ™ 96-well plates, confluent monolayers were wounded 18 h later and cell migration was monitored by Incucyte ZOOM ™ platform for 40 h. A375-CM significantly increased the migration of the MSC as determined by higher relative wound density, *p<0.05. d The MSC were plated as in c. Cell monolayers were wounded 24 h later and MSC culture medium was supplemented with 10 ng/ml IL-6, 50 ng/ml IL-8 or 10 ng/ml IP-10 alone or the three of them in combination. Comparison of the average relative wound density indicated significantly increased MSC migration in the combined presence of IL-6, IL-8 and IP-10, *p<0.05. e Representative images taken 18 h after monolayer wounding exhibit higher cell confluence in the wounded area when the cells were stimulated with cytokines in combination. Black lines indicate the initial scratch wound border, scale bar 300 μm higher levels of IL-6, IL-8 and IP-10 (CXCL10) in melanoma-CM contribute to increased MSC migration as these were previously reported to affect cell migration [24] [25] [26] . Recently, it has been demonstrated that IL-8 in breast cancer conditioned medium contributed to MSC migration and invasion [27] . However, in our experiment, none of these cytokines 
Table legend: ↑ -increased, ↑↑↑ -highly increased, ↓ -decreased, ± -very low-undetectable, * -no significant change TCM-induced MSC Phenotypewas able to increase MSC migration substantially alone, but the combination of the three was necessary to increase the MSC migration significantly (Fig. 4d-e) .
Major focus of the present study was to compare the alterations in the MSC dictated by the tumor-cell conditioned media. Previous studies suggested that the tumor secreted factors can exert pleiotropic effects due to the inherent MSC plasticity, heterogeneity in culture and a presence of the cells at different stages of their terminal differentiation. Tumorstimulated MSC were shown to create a carcinoma stem cell niche [15] and also promote metastasis via CXCL10/CXCR3 or CCL5/CCR5 signaling [28, 29] . MSC incorporation into tumor vessels and differentiation into endothelial cells was demonstrated on the breast cancer model [30] . Although Bexell et al. also demonstrated the MSC integration within the rat malignant glioblastoma and the expression of pericyte markers, they did not confirm any endothelial differentiation of the MSC [31] . Several studies demonstrated the capability of MSC to undergo differentiation into the cells with a phenotype of cancer-associated fibroblasts [8, 7] . Similarly we were able to detect significantly increased FAP and FSP in the DIFF(A)-MSC (Fig. 4b) . This demonstrates higher efficiency of the melanoma-CM to promote shift towards the phenotype of TAF in MSC in vitro. Moreover, we detected consistently high levels of HGF and SDF-1α secreted from the MSC regardless of the TCM stimulation ( [18, 14] and Fig. 3d ). Study published by Desai et al. showed that downregulation of αSMA and upregulation of vimentin was a consequence of bFGF exposure [32] . We observed similar phenomenon in the TCM-exposed DIFF(A)-MSC accompanied by the increased migratory properties of the MSC upon αSMA downregulation [33] . Enormous heterogeneity in the phenotype of tumorassociated fibroblasts exists in the populations, where the expression of FSP-1 vs. αSMA markers are mutually exclusive [34] . It has been shown that the αSMA and NG2 populations of the cells are overlapping which correlates with our observation that both these markers were downregulated in the TCM-exposed DIFF(A)-MSC.
Endosialin as another marker highly abundant in carcinoma-associated fibroblasts was also described to be expressed in naïve MSC [35] . Suzuki et al. reported that MSC were able to support neovascularization in a mouse model of melanoma by secretion of proangiogenic factors [36] . They observed the MSC differentiation towards endothelial cells in the absence of αSMA marker of activated myofibroblasts in the tumors. Our study did not show a capability of the melanoma-secreted molecules to promote an endothelial or pericytic transdifferentiation of the MSC. We were not able to detect a long-term incorporation of the MSC in the melanoma xenografts (unpublished data). MSCexerted support of the tumor xenotransplant growth is critical at the early stages of the tumor onset and growth establishment. Previously published data demonstrated the potential of MSC-conditioned medium to support tumor initiation and growth [14] , which illustrates their importance in the tumor initiation. PAR-MSC and DIFF(A)-MSC supported the tumor growth to the same extent (Fig. 5b) and secreted very similar level of IL-6 and IL-8 (Fig. 3c.) Significant decrease of IL-6 and IL-8 levels in the DIFF(G)-MSC correlated with the decrease of the tumor growth support (Figs. 3c and 5b) . Moreover, we think that decreased IL-6 secretion in the DIFF(G)-MSC contributed to their differentiation, as is was shown that IL-6 maintains the proliferative and undifferentiated state of bone marrow-derived MSCs [37] . Study by Korkaya et al. has shown that both IL-6 and IL-8 signaling can regulate self-renewal in breast cancer stem cells [38] . Our working hypothesis is that similar mechanism operates in the melanoma initiation. Presence of IL-6 and IL-8 in both tumorproduced and MSC-produced medium promotes tumor xenograft growth. In agreement with this observation, we detected higher secretion of these two interleukins in highly aggressive melanoma cell line (Fig. 1a) . Since our in vivo experiments are based on the xenograft growth in immunocompromised host, they do not provide direct link between a tumor behavior and MSC proinflammatory secretion pattern. However, they enable to dissect the direct action of these molecules on the tumor cells. We have observed substantial alterations in IL-9, IL-12, IFN-γ and VEGF levels in the melanoma-exposed MSC, which may also contribute to the dual effect of MSC. It was reported that IL-9 can exert direct effect on melanoma cells in addition to its immunomodulatory function [39] .
Tumor cell-conditioned media induced multiple changes in the MSC (summarized in Table 3 ). Certain markers increased in both types of the TCM-cultured MSC, such as VCAM1 (CD106) and CD146. CD106 was already associated with the MSC phenotype and reported to be expressed on the adipose tissue-derived MSC [40] . Together with the ALCAM (CD166) and mCAM (CD146) they are important for an intercellular adhesion and interaction with integrins on other cell types [12] . Increased levels of MCP-1 chemokine in combination with IL-8 promoted proinflammatory action of the MSC and also may contribute to the increased invasion and adhesion of the tumor cells [41] . Neural ganglioside GD2 was suggested to be a key determinant for the bone marrowderived MSC and a marker absent on the fibroblasts [42] . In our work we showed that the adipose tissue-derived MSC express this marker, although there is only~50 % positivity. TCM treatment did not substantially alter the GD2+ MSC subpopulation indicative that these cells were not shifted from the mesenchymal phenotype. Taken together, the combination of multiple paracrine factors present in melanoma-CM dictated pleiotropic effects on the DIFF(A)-MSC and shifted MSC towards the cells with altered intercellular and adhesion properties, immunomodulatory potential and features of the tumorassociated fibroblasts. Barcellos-de-Souza et al. [13] proposed a model of the MSC polarization towards MSC1 and MSC2 phenotypes and linked the immunomodulatory properties to the capability of MSC to support or suppress the tumor growth. Our data were derived in the immunodeficient mouse models and therefore cannot be directly linked to their observations.
Our experimental data unraveled altered expression of several fibroblast markers and adhesion proteins accompanied by substantial change in the MSC-differentiation markers [43] upon treatment with glioblastoma-CM. Increased expression of key regulators of adipocyte differentiation PPAR-γ and RhoA indicated the shift of the DIFF(G)-MSC to more differentiated state. Glioblastoma-CM exposure also induced the expression of essential signaling molecules for the osteogenic differentiation, Runx2 and Jag1. Furthermore, Jag1/Notch1 signaling was also shown to contribute to the chondrogenic and myogenic differentiation in the MSC [44, 45] . The MSC represent a very heterogeneous cell population, therefore TCM stimulation of particular MSC progenitor subsets could induce an upregulation of specific differentiation programs. We think that these regulators are increased in the cells prone to the differentiation into particular cellular lineage, however, the paracrine factor composition does not suffice to mediate terminal differentiation of the DIFF(G)-MSC. The alterations dictated by the glioblastoma-CM are sufficient to decrease the tumor supporting capabilities of the glioblastoma-exposed MSC.
Conclusion
We have shown here that secretion of paracrine factors by tumor cells acts in concerted fashion and exerts pleiotropic effects on the MSC. In addition to certain features of the tumor-associated fibroblasts, the MSC were also subjected to the molecular changes covering wide range of alterations. These changes resulted in altered capacity to stimulate tumor growth. Tumor-stroma interaction is a very complex phenomenon, and our data stress that the composition of the tumor secretome is translated into the altered biological properties of the stromal cells.
